INTRODUCTION
Vanadium is a trace element that is widely distributed in nature. Power-and heat-producing industrial plants us-6 ing fossil fuels (petroleum, coal, oil) cause the most widespread discharge of vanadium into the environment. The incidence of exposure to toxic levels of vanadium to industrial workers has been of increasing concern [21, 24] .
Environmental exposure occurs via inhalation in the surrounding area of metallurgical plants or through the consumption of contaminated foods [4, 24, 25] , and recently from massive oil burning, as seen in Arabian Gulf [6] , the Niger-Delta region of Nigeria [20] , and the Gulf of Mexico.
The mangrove forest of the Niger-Delta of Nigeria, covering about 70 000 km 2 of wetlands (the largest in Africa and the third largest in the world) with a population of about 20 million has been the centre of constant exploration for oil by many international oil companies [44] . These exploratory activities often lead to gas flaring and oil spillage impacting negatively on the aquatic and terrestrial habitats, as well as animal and human health [22] .
Vanadium compounds have been reported to cause toxic effects by most routes of exposure in most species [14] . The disposition of vanadium in specific tissues may be involved in the pathogenesis of certain neurological disorders and cardiovascular diseases [46] . Its capacity to affect the activities of various other intracellular enzyme systems and modify physiological processes damaging cell membrane via the production of free radical has also been documented [6] . The central nervous system (CNS); rich in polyunsaturated fatty acid side chains, with high oxygen tension but poor in antioxidant capacity, is very vulnerable to free radical damage [1] by vanadium leading to: tremors, CNS depression and various behavioural alterations [44] .
Several investigators have demonstrated that antioxidants such as α-tocopherol and ascorbic acid protect the brain against vanadium-induced (ree radical injury [13, 33] .
Consequently, some medicinal plants have been reported to contain some phytochemicals, mostly polyphenols and flavonoids, which exhibit high antioxidant activity [16] .
Furthermore, natural sources of antioxidants have been severally studied in a bid to discover potentially safer, effective, and cheaper antioxidants [5, 28, 36] . Therefore, there is a need for the study of plants that may offer some protection against the effects of vanadium in a country such as Nigeria which is known for oil spillage and gas flaring where about 61% of its citizen are impoverished and cannot readily afford conventional drugs [31] .
Most species in the genus, Grewia have been reported to have antioxidant properties and are used in the treatment of various disorders in man and other animals [17] .
Triterpenoids, steroids, glycosides, flavones, lignans, phenolics, alkaloids, lactones, anthocyanins, flavones, and organic acids have been isolated from various species of this genus [27, 34] .
To this end, this study was designed to investigate the hypothesis that a nutritional strategy like co-administration of ethanolic extract of G. carpinifolia leaves could ameliorate vanadium-induced neurotoxicity in mice.
MATERIALS AND METHODS

Experimental animals
Twenty five male mice weighing between 25-27 g were randomly divided into five groups (A-E) of five animals per group. They were obtained and kept in the ex- The plant sample (5 g) was homogenized in 80 % aqueous ethanol at room temperature and centrifuged at 10,000 rpm for 15 min and the supernatant was preserved.
The residue was re-extracted twice with 80 % ethanol and supernatants were pooled, put into evaporating dishes and evaporated to dryness at room temperature.
Experimental design
The experiment to determine the ameliorative effect 
Open field test
Locomotor The open field box was cleaned with methylated spirit before placing the subsequent animals in it in order to avoid possible bias effects due to odour clues left by a previous mouse.
Fore limb support (hanging wire) test
This test is based on the latency of a mouse to fall off a metal wire upon exhaustion based on the method described by V a n P u t t e n et al. [45] . A 2 mm thick metallic wire secured to two vertical stands was used. The wire was tightly attached to the frame to avoid vibration or unwanted displacement of the wire during the measurements.
Each mouse was placed on the wire with its fore limb and monitored for a maximum period of 120 seconds. The period of time it took the animal to stay on the wire before falling was taken and recorded [9, 11] . The animals that did not fall off the hanging wire during the test period of 120 seconds were given a maximum score [30] .
Negative geotaxis test
Each animal was placed in the middle of a board, 300 inclined to the surface plane, in a head-down position and the latency to turn and orient its position; to be facing up the slope, is recorded [8] .
Two trials were performed for each mouse in both the hanging wire and negative geotaxis tests. The second trial was done 3 to 4 hours after the completion of the first trial;
hence all mice were well rested before the second trial.
Body weight
Rats in all the groups were weighed daily throughout the experiment.
Relative brain weight (RBW)
Rats were anesthetized with ketamine following which the frontal, parietal and temporal bones were gently removed to expose the brain which was carefully removed, weighed and observed macroscopically [47] . The relative brain weight of each rat was calculated as follows:
Absolute organ weight (g) RBW =
Body weight of rats on sacrifice day (g)
Statistical analysis
The results were analysed using the statistical package GraphPad prism version 5.01 (San Diego, USA). These data were subjected to one-way ANOVA and subsequently to the Bonferroni post-test to perform multiple comparisons in order to assess the statistical significance of differences between all possible pairs of groups. Repeated measures 8 on the same animals were analysed using the Wilcoxon matched-pair, signed-rank test [41] . Differences were regarded as statistically significant when P < 0.05.
RESULTS
Open field test
The mean values for observations of the Open field test in the experimental animals are presented (Table 1) .
A statistically significant (P < 0. 
Hanging wire test
The extract treated groups (C and D) spent more time on the hanging wire before falling off, although this was of no significant difference (P > 0.05) when compared to the control group; however, vanadium at 3 mg.kg -1 resulted in a statistically significant (P < 0.05) decrease in the time spent on the hanging wire test (Figure 1 ). Two trials were performed for each mouse. The second trial was done after all the animals had successfully completed the first trial;
Negative geotaxis test
The mean time for negative geotaxis of the vanadium only group (E) was statistically (P < 0.05) higher than those of the extract at tested doses and the standard drug ( Figure 2 ).
Body weight
An increase in daily body was observed in all the groups from day 1 to day 5. There was a decrease in body weight in groups B−E on day 6, after which daily weight gain resumed in groups B−D on day 7 and 8; however the daily body weight continued to decrease in group E after day 6.
Relative brain weight
There was no significant difference (P > 0.05) in the relative brain weight of the animal across all the groups (Table 2) .
DISCUSSION
Vanadium (V) is a pro-oxidant and indirectly results in
the production of free radicals leading to oxidative damage [6, 12] and the possible role of vanadium in behavioural changes has been studied [32] . The Open field test is one of the most commonly used tests in animal behavioural studies [40] . In the present study, the number of rearing and grooming was signifi- Stretched attend posture (SAP) is an essential component of risk-assessment defensive behaviour in rodents [7] . The mice exposed to vanadium in this study, unlike SD -standard deviation; number of animals in the group n = 5 * -statistically different from the control at P < 0.05 Although, P f a u and S k o g [35] had documented that the genus Grewia possess some anxiolytic activity, the mechanism by which the extract of G. carpinifolia reduced anxiety is still not certain.
In this study, muscular strength was found to be significantly decreased after vanadium treatment as observed in the hanging wire test. This finding highlights the fact that heavy metals have been implicated in muscles and joints pain [3] and further supports that V intoxication results in muscular weakness [32] . The present study may point to the fact that high levels of vanadium may interfere with motor functions leading to decreased motor activities, as well as grip strength in mice. However, the findings of this study also showed that concurrent administration of G. carpinifolia extract to V exposed animals proved beneficial as the animals performed better on the hanging wire test, as evidenced by an increase in the suspension time.
The hanging wire test can be used to assess global sub-acute muscle function and coordination over time in mice [23] and the ability of the mice to produce sustained tension in the limb musculature. Thus, G. carpinifolia extract may have ameliorative effect on muscular weakness caused by V intoxication by improved muscle function and coordination in mice.
The negative geotaxis is a reflex test which reflects vestibular function, motor development and activity [2] . Vanadium has been reported to induce vestibular damage [29] , and generally, mice with vestibular dysfunction become disoriented and unable to generally explore a novel setting [37] . This could explain the increased time in the negative geotaxis shown by the mice given vanadium only.
Nevertheless, the similarities in the lower latent time of the extract treated group at 200 mg.kg -1 and those of the control and standard group, further supports the neuroprotective activity of the plant extract at this dosage. This result of the negative geotaxis further substantiates the findings in the Open field test.
In this study, the daily body weights of the vanadium only exposed mice decreased continuously after the sixth day following the vanadium administration. The observed insignificant decrease (when compared with other test groups and control) in daily body weight observed in the present study is in consonance with the findings by G a r c i a et al., [14, 15] in acute vanadium toxicity in rats.
Vanadium toxicity have been previously reported to induce anorexia [19] leading to the reduction in daily body weights which becomes significant following chronic exposure as reported by S á n c h e z et al. [38] and T o d o r i c h et al.
[43]. The insignificant difference in relative brain weight in this study is in line with that observed by G a r c i a et al., [14] but contrary to that of A l t a m i r a n o et al. [4] who had described a significant decrease in brain weight following vanadium toxicity, the variance in these results may be ascribed to the fact that six [6] weeks old mice were used in this study, while in their studies the mice were exposed at post-natal day one [1] . It seems that vanadium has more effect on brain weight when exposed to neonates undergoing a high degree of cellular proliferation. . Therefore, the plant should be given more emphasis as a candidate in developing a modern drug to minimise vanadium induced toxicity. Further study is on-going to isolate and characterize the bioactive principle(s) of the extract with the aim of determining its exact mechanism of action.
